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1.  INTRODUCTION 


Gun  propulsion  systems  rely  heavily  upon  a  good  ignition  system.  One  such  proposed 
system  for  large-caliber  guns  involves  the  use  of  semiconductor  bridge  initiators  (SCBIs)  to 
commence  the  interior  ballistic  cycle.  The  SCBI  is  physically  small  and  has  an  inherently  small 
time  delay  for  initiation;  newer  versions  can  have  a  digitally  programmable  time  delay.  These 
features  are  ideal  for  multipoint,  controlled  sequence  ignition  of  propellant  beds  or  for  ignition  of 
multi-increment  propelling  charges.  This  simulator  study  demonstrates  the  feasibihty  of  using 
SCBIs  to  simultaneously  ignite  multi-increment  propelling  charges. 


Electrically  initiated  ammunition  typically  utilizes  a  small  bridgewire  to  ignite  subsequent 
igniter  material,  pyrotechnics,  or  propellants.  There  has  been  a  lot  of  research  to  prevent  accidental 
activation  of  the  bridgewire  assembly  when  the  ammunition  is  exposed  to  radio-frequency  or  other 
large-field  electrical  environments.  One  approach  to  surmount  this  problem  is  the  use  of  an  SCBI 
as  the  electrical  initiator  component  The  SCBI  has  demonstrated  adequate  resistance  to  these 
environments  and  has  qualified  as  a  tentative  Hazards  of  Electromagnetic  Radiation  to  Ordnance 
(HERO)  igniter  (Hartman  and  McCampbell  1992).  As  with  conventional  igniters,  this  safety 
feature  is  only  one  of  the  considerations  to  be  examined  for  successful  ignition. 

A  single-increment  propelling  charge  can  produce  excessive  pressure  waves  if  the  ignition 
stimulus  is  improperly  applied  (May  and  Horst  1978);  a  multi-increment  charge  has  an  even  greater 
possibility  to  produce  excessive  pressure  waves  since  each  component  interface  produces 
additional  ignition  impediments  (Williams  and  Chang  1993;  Chang,  Grosh,  and  Deas  1993).  One 
method  to  overcome  igiution  impediments  due  to  component  interfaces  is  to  place  an  ignition 
source  in  each  component  This  method  of  necessity  requires  that  the  igniter  be  small  and  that  the 
firing  impetus  be  transmitted  successfully  to  each  igniter.  Electrical  impulses  are  easier  to  transmit 
to  each  component  than  are  percussion  impulses.  The  SCBI  igniter  satisfies  these  two 
requirements  if  electrical  connections  can  be  made  between  components. 


This  report  discusses  a  means  of  making  physical  and  electrical  connections  between  the 
separate  components  of  a  multi-increment  charge.  The  pressure-time  histories  of  up  to  three  charge 
components  ignited  simultaneously  are  presented.  A  possible  means  of  replacing  the  metallic 
wiring  within  each  component  is  also  discussed. 
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2. 


EXPERIMENTAL 


The  flamespread  chamber  (Kooker,  Chang,  and  Howard  1992;  Kooker,  Howard,  and 
Chang  1994)  has  been  described  elsewhere,  and  only  its  salient  features  are  discussed  here.  The 
flamespread  chamber  (Figure  1)  consisted  of  a  transparent  acrylic  tube  (interior  diameter  of  76  mm 
with  an  axial  dimension  of  350  mm)  contained  in  a  steel  confinement  casing  that  was  designed  (for 
safety  purposes)  to  withstand  pressures  generated  within  the  acrylic  tube  that  are  in  excess  of 
70  MPa  (10,000  psig).  The  acrylic  chamber  was  fitted  with  a  rupture  disk  rated  at  21  MPa 
(3,000  psig).  Therefore,  the  highest  expected  pressure  was  in  the  neighborhood  of  21  MPa 
(3,000  psig).  Ports  were  machined  in  the  steel  casing  and  the  acrylic  tube  for  pressure 
transducers.  Each  of  the  pressure  transducers  was  at  the  same  axial  position  as  the  basepad. 
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Figure  1.  Cross-sectional  view  of  flamespread  simulator. 

For  these  experiments,  three  separate  charge  increments  constructed  of  cardboard  filled 
with  inert  propellant  grains  were  placed  in  the  acrylic  casing.  Each  increment  also  contained  a 
basepad  and  copper  wiring  that  transmitted  the  electrical  impulse  j&om  one  end  of  the  increment  to 
the  other  end.  The  basepad  containing  an  SCBI  and  approximately  10  g  of  Class  3  (C3)  black 
powder  was  placed  on  top  of  the  inert  propellant  grains  (Figure  2).  The  SCBI  was  electrically 
connected  to  two  patches  of  electrically  conductive  Velcro'™  located  at  each  end  of  the  increment. 
The  firing  line  entered  the  simulator  via  a  high-pressure  electrical  feedthrough  in  the  top  of  the 
simulator. 
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SCBI 


Figure!.  Schematic  of  inert  charge  increment  containing  SCBI  and  black  powder. 


3 .  RESULTS  AND  DISCUSSION 

Figure  3  shows  the  placement  of  the  Velcro™  pads  for  these  experiments.  The  placement 
on  the  face  of  the  increment  was  arbitrary  (the  only  consideration  was  that  a  hook  patch  attached  to 
a  weave  patch)  and  would  not  be  the  same  as  in  the  final  design.  The  pads  are  essentially  a 
polymeric  material  that  can  easily  be  cut  to  any  shape  (possibly  disks  of  different  diameters). 
However,  since  Velcro™  is  composed  of  two  distinct  elements  (the  hook  cloth  and  the  weave 
cloth),  the  proper  electrical  continuity  can  be  maintained  fix>m  increment  to  increment  by 
consistently  attaching  the  same  wire  lead  to  the  hook  or  to  the  weave  element. 
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Hook  Velcro™ 


Figures.  End  view  of  inert  charge  increment  showing  Velcro™  placement 


An  additional  feature  of  Velcro™  is  that  once  an  increment  with  patches  is  pushed  up  to  the 
mating  Velcro™  material,  the  hook  and  weave  pieces  intermesh  and  physically  attach  to  each  other. 
Thwefore,  separate  charge  increments  can  be  physically  linked  together  in  the  gun  chamber.  This 
advantage  is  evident  if  the  round  in  the  gun  chamber  needs  to  be  retracted  for  various  reasons 
without  firing. 


The  SCBI  initiates  by  forming  a  localized  plasma — ^in  essence,  a  short  circuit  between  the 
leads  of  the  SCBI.  Even  diough  SCBIs  initiate  within  a  few  microseconds  of  each  other,  if  several 
units  are  placed  in  a  parallel  circuit  as  shown  in  Figure  4  (the  case  of  three  increments  to  be 
initiated)  and  one  unit  initiates  slightly  faster  than  the  others,  other  SCBIs  can  be  robbed  of  the 
current  needed  to  initiate.  A  resistor  (see  Figure  5)  was  placed  in  series  with  the  SCBI  so  that  the 
resistance  in  each  increment  was  balanced  both  before  and  afta-  the  SCBI  initiation.  With  the 
resistor,  when  an  SCBI  initiates,  that  part  of  the  circuit  stiU  has  an  appreciable  resistance,  and  the 
other  parts  of  the  circuit  will  still  operate. 
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The  SCBI  in  each  increment  was  electrically  attached  to  the  Velcro™  pads  as  shown  in 
Figure  5.  For  the  circuit  in  Figure  5,  the  resistance  in  each  series  part  of  the  circuit  prior  to  firing 
was  measured  at  3.3  Q,  and  the  total  circuit  resistance  for  three  increments  was  measured  at  1.1  £2. 
After  these  test  firings,  the  total  circuit  resistance  was  not  large,  as  is  the  usual  case,  but  was 
measured  at  0.7  Cl  (due  to  conductive  black  powder  residues).  In  the  case  of  a  live  firing,  the 
resistance  afterward  would  be  large  since  the  resistors  and  the  SCBI  remnants  would  have  exited 
the  gun. 


There  is  some  indication  in  current  multi-increment  charge  firing  (using  a  different  ignition 
system)  that  the  ignition  stimulus  does  not  sequentially  progress  from  one  increment  to  the  next 
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until  all  increments  are  ignited  (Chang,  Williams,  and  Howard  1995);  rather,  ignition  may  skip  one 
or  more  increments  and  occur  out  of  sequence  in  another  increment.  A  rearward  traveling  wave 
■  then  ignites  the  skipped  increments.  This  rearward  traveling  wave  can  produce  a  pressure  wave 
that,  at  best,  robs  performance  or  can  lead  to  conditions  that  have  been  blamed  for  gun  failures 
(May  and  Horst  1978;  Horst  1986).  Adverse  pressure  waves  can  be  reduced  if  a  sequential 
ignition  can  be  achieved. 

To  achieve  sequential  ignition  with  SCBIs,  a  time-progranmiable  SCBI  would  be  required. 
At  this  time,  such  SCBIs  have  not  yet  been  procured  so  sequenced  ignition  was  not  evaluated. 
Therefore,  a  simultaneous  firing  sequence  for  these  experiments  was  attempted.  This  firing 
sequence,  if  successful,  would  vastly  reduce  the  possibility  of  formation  of  adverse  pressure 
waves  since  the  entire  propelling  charge  would  ignite  at  die  same  time. 


Figure  6  shows  the  pressure-time  histories  fi’om  the  three  pressure  gauges  produced  by  the 
ignition  of  C3  black  powder  in  the  basepads.  The  firing  voltage  was  held  for  100  ms,  but  (as 
shown  in  Figure  6)  this  amount  of  time  was  excessive,  and  at  most  a  few  milliseconds  would  have 
been  sufficient.  The  three  pressure  traces  track  quite  closely  during  the  ignition  event.  However, 
the  ignition  delay  was  about  25  ms.  While  this  result  is  adequate  for  artillery  anamunition,  it  is  not 
acceptable  for  tank  ammunition  at  ambient  temperature.  Using  the  trend  noticed  in  preliminary 
investigations  of  SCBI  ignition  of  black  powder  (Howard,  Chang,  and  Atkson  1993),  it  was 
decided  to  place  the  SCBI  inside  a  small  basepad  containing  0.7  g  of  Class  5  (C5)  black  powder. 
The  small  basepad  was  then  inserted  into  the  larger  basepad  containing  Class  3  black  powder  (the 
original  amount  of  10  g  of  Class  3  black  powder  was  unchanged).  As  readily  shown  in  Figure  7, 
the  smaller  grain  particle  size  reduced  the  ignition  delay  time  to  about  15  ms.  In  addition,  the  initial 
pressure  rise  (83  kPa/ms  versus  48  kPa/ms)  was  also  greater  with  the  C5  black  powder  insert. 
Efforts  to  further  shorten  the  ignition  delay  time  are  underway  (Howard  and  Chang  1995). 
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Figure?.  Pressure-time  histories  of  three  increments  augmented  with  C5  black  powder  in  the 
basepads. 
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It  has  been  suggested  that  metallic  wiring  in  the  increments  may  introduce  residues  near  the 
•  breech  area.  Preliminary  efforts  to  investigate  the  use  of  polyaniline  or  other  suitable  polymeric 
material  that  would  serve  as  the  electrical  pathway  across  the  increment  are  underway.  These 
results  will  be  reported  in  the  future. 


4.  SUMMARY 


SCBIs  have  been  used  to  successfully  achieve  simultaneous  ignition  of  the  black  powder 
basepads  in  a  multi-increment  simulator  charge  consisting  of  three  increments.  The  ignition  events 
as  recorded  by  pressure  gauges  showed  essentially  identical  ignition  delay  times  and  initial 
pressure  rises  in  all  three  increments.  Ignition  of  Class  3  black  powder  by  the  SCBI  produced  an 
ignition  time  delay  of  approximately  25  ms.  When  a  small  quantity  of  Class  5  black  powder  was 
placed  about  the  SCBI  and  inserted  into  tiie  Class  3  basepad,  the  ignition  delay  time  was  reduced  to 
approximately  15  ms. 

This  magnitude  of  ignition  delay  time  is  acceptable  for  artillery  ammunition  but  may  be  stiU 
too  long  for  tank  ammunition.  Furtiier  work  is  needed  to  augment  the  SCBI  output  as  was  done 
with  the  C5  black  powder  in  order  to  shorten  the  ignition  delay  time  to  acceptable  levels  for  tank 
ammunition.  Use  of  polymeric  material  to  replace  metallic  components  currently  utilized  for  the 
electrical  pathways  is  under  consideration. 
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1  HQDA 

ATIN  SARD  TR  DR  R  CHATT 
PENTAGON 

WASHINGTON  DC  20310-0103 

1  CHAIRMAN 

DOD  EXPLOSIVES  SAFETY  BD 
HOFFMAN  BLDG  1  RM  856  C 
2461  EISENHOWER  AYE 
ALEXANDRIA  VA  22331-0600 

1  HQS  US  ARMY  MATERIEL  CMD 

ATTN  AMQCP  AD  M  FISETTE 
5001  EISENHOWER  AVE 
ALEXANDRIA  VA  22333-0001 

1  US  ARMY  BMDS  CMD 

ADVANCED  TECHLGY  CTR 
PO  BOX  1500 

HUNTSVILLE  AL  35807-3801 

1  OFC  OF  THE  PRODUCT  MGR 

155MM  HOWITZER  M109A6  PALADIN 
ATTN  SFAE  AR  HIP  IP 
MR  R  DE  KIEINE 
PICATINNY  ARSENAL  NJ 
07806-5000 

3  PM  AFAS 

ATTN  SFAE  ASM  AFE 
LTC  A  ELLIS 
TKURIATA 
J  SHIELDS 

PICATINNY  ARSENAL  NJ 
07806-5000 

1  PM  AFAS 

ATTN  SFAE  ASM  AF  Q  W  WARREN 
PICATINNY  ARSENAL  NJ 
07806-5000 

1  CDR  US  ARMY  ARDEC 

PROD  BASE  MDRNZTN  AGENCY 
ATTN  AMSMC  PBM  A  SKLOSI 
PICATINNY  ARSENAL  NJ 
07806-5000 


1  CDR  US  ARMY  ARDEC 

PROD  BASE  MDRNZTN  AGENCY 
ATTN  AMSMC  PBM  E  L  LAIBSON 
PICATINNY  ARSENAL  NJ 
07806-5000 

1  PM  PEO  ARMAMENTS 

TANK  MAIN  ARMAMENT  SYSTEM 
ATTN  AMCPM  TMA 
PICATINNY  ARSENAL  NJ 
07806-5000 

1  PM  PEO  ARMAMENTS 

TANK  MAIN  ARMAMENT  SYSTEM 
ATTN  AMCPM  TMA  105 
PICATINNY  ARSENAL  NJ 
07806-5000 

1  PM  PEO  ARMAMENTS 

TANK  MAIN  ARMAMENT  SYSTEM 
ATTN  AMCPM  TMA  120 
PICATINNY  ARSENAL  NJ 
07806-5000 

1  PM  PEO  ARMAMENTS 

TANK  MAIN  ARMAMENT  SYSTEM 
ATTN  AMCPM  TMA  AS  H  YUEN 
PICATINNY  ARSENAL  NJ 
07806-5000 

2  CDR  US  ARMY  ARDEC 
ATTN  SMCAR  CCH  V 
CMANDALA 
EFENNELL 

PICATINNY  ARSENAL  NJ 
07806-5000 

1  CDR  US  ARMY  ARDEC 

ATTN  SMCAR  CCH  T 
L  ROSENDORF 
PICATINNY  ARSENAL  NJ 
07806-5000 

1  CDR  US  ARMY  ARDEC 

ATTN  SMCAR  CCS 
PICATINNY  ARSENAL  NJ 
07806-5000 

1  CDR  US  ARMY  ARDEC 

ATTN  SMCAR  AEE  J  LANNON 
PICATINNY  ARSENAL  NJ 
07806-5000 
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NO.  OF 

COPBS  ORGANIZATION 

5  COMMANDER 

US  ARMY  ARDEC 

ATTN  SMCAR  AEE  WW 

MMEZGER 

J  PINTO 

DWIEGAND 

PLU 

CHU 

PICATINNY  ARSENAL  NJ 
07806-5000 

10  CDR  US  ARMY  ARDEC 
ATTN  SMCAR  AEE  B 
D  DOWNS 
S  EINSTEIN 
S  WESTIEY 
S  BERNSTEIN 
J  RUTKOWSKI 
B  BRODMAN 
P  O’REILLY 
R  CIRINCIONE 
PHUI 
J  O’REILLY 

PICATINNY  ARSENAL  NJ 
07806-5000 

1  COMMANDER 

US  ARMY  ARDEC 
ATTN  SMCAR  AES 
s  KAPLOwrrz 
PICATINNY  ARSENAL  NJ 
07806-5000 

1  COMMANDER 

US  ARMY  ARDEC 
ATTN  SMCAR  FSA  T 
M  SALSBURY 
PICATINNY  ARSENAL  NJ 
07806-5000 

1  COMMANDER 

US  ARMY  ARDEC 
ATTN  SMCAR  HFM 
E  BARRIERES 
PICATINNY  ARSENAL  NJ 
07806-5000 

1  COMMANDER 

US  ARMY  ARDEC 
ATTN  SMCAR  FSC  G  FERDINAND 
PICATINNY  ARSENAL  NJ 
07806-5000 


NO.  OF 

COPIES  ORGANIZATION 

1  COMMANDER 

US  ARMY  ARDEC 
ATTN  SMCAR  FS  T  GORA 
PICATINNY  ARSENAL  NJ 
07806-5000 

1  COMMANDER 

US  ARMY  ARDEC 
ATTN  SMCAR  FS  DH  J  FENECK 
PICATINNY  ARSENAL  NJ 
07806-5000 

3  COMMANDER 

US  ARMY  ARDEC 
ATTN  SMCAR  FSS  A 
RKOPMANN 
BMACHEK 
L  PINDER 

PICATINNY  ARSENAL  NJ 
07806-5000 

1  COMMANDER 
US  ARMY  ARDEC 

ATTN  SMCAR  FSN  N  K  CHUNG 
PICATINNY  ARSENAL  NJ 
07806-5000 

2  DIR  BENET  LABS 
ATTN  SMCAR  CCB  RA 
G  P  O’HARA 

G  A  PFLEGL 

WATERVLIET  NY  12189-4050 

1  DIR  BENET  LABS 

ATTN  AMSTA  AR  CCB  T 
S  SOPOK 

WATERVLIET  NY  12189^50 

1  DIR  BENET  LABS 
ATTN  SMCAR  CCB  S 
F  HEISER 

WATERVLIET  NY  12189-4050 

2  CDR  US  ARMY  RSRCH  OFC 
ATTN  TECHNICAL  LIBRARY 
DMANN 

PO  BOX  12211 

RESEARCH  TRIANGLE  PARK  NC 
27709-2211 
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NO.  OF 

COPIES  ORGANIZATION 


NO.  OF 

COPIES  ORGANIZATION 


1  CDR  USACECOM 

R&D  TECHNICAL  LIBRARY 
ATTN  ASQNC  ELC  IS  L  R 
MYERCTR 

FT  MONMOUTH  NJ  07703-5301 
1  CMDT 

US  ARMY  AVIATION  SCHOOL 
ATTN  AVIATION  AGENCY 
FT  RUCKER  AL  36360 

1  PM 

US  TACOM 

ATTN  AMCPM  ABMS  T  DEAN 
WARREN  MI  4S092-2498 

1  PM  US  TANK  AUTOMOTIVE  CMD 
nGHTING  VEHICLE  SYSTEMS 
ATTN  SFAE  ASM  BV 
WARREN  MI  48397-5000 

1  PM  ABRAMS  TANK  SYSTEM 
ATTN  SFAE  ASM  AB 
WARREN  MI  48397-5000 

1  DIR  HQ  TRAC  RPD 
ATTN  ATCD  MA 
FT  MONROE  VA  23651-5143 

1  COMMANDANT 

US  ARMY  CMD  &  GEN 
STAFF  COLLEGE 
FT  LEAVENWORTH  KS  66027 

1  COMMANDANT 

US  ARMY  SPCL  WARFARE  SCHL 
ATTN  REV  AND  TRNG  LIT  DIV 
FT  BRAGG  NC  28307 

1  COMMANDER 

RADFORD  ARMY  AMMO  PLANT 
ATTN  SMCAR  QA  HI  UB 
RADFORD  VA  24141-0298 

1  COMMANDER 
US  ARMY  NGIC 
ATTN  AMXST  MC  3 
220  SEVENTH  STREET  NE 
CHRLTTESVLLE  VA  22901-5396 


2  COMMANDANT 

US  ARMY  FAC&S 
ATIN  ATSF  CO  MW  E  DUBLISKY 
ATSF  CN  P  GROSS 
FT  SILL  OK  73503-5600 

1  COMMANDANT 

US  ARMY  FIELD  ARTLRY 
CTR  &  SCHOOL 
ATTN  ATSF  CN 
FT  SILL  OK  73503-5600 

1  CMDT  US  ARMY  ARMOR  SCHOOL 
ARMOR  AGENCY 

ATTN  ATZK  CD  MS 
M  FALKOVnCH 
FT  KNOX  KY  40121-5215 

2  CDR  NAVAL  SEA  SYSTEMS  CMD 
ATTN  SEA  62R 

SEA  64 

WASH  DC  20362-5101 

1  CDR 

US  ARMY  ARDEC 
ATTN  SMCAR  FSA  F 
S  FLOROFF 

PICATINNY  ARSENAL  NJ 
07806-5000 

1  CDR  NAVAL  AIR  SYSTEMS  CMD 

ATTN  AIR  954  TECH  LIB 
WASHINGTON  DC  20360 

4  CDR  NAVAL  RSRCH  LAB 

ATTN  TECHNICAL  LIBRARY 
CODE  4410 
K  KAILASANATE 
J  BORIS 
EORAN 

WASHINGTON  DC  20375-5000 

1  OFFICE  OF  NAVAL  TECHLGY 

ATTN  ONT  213  D  SIEGEL 
800  N  QUINCY  ST 
ARLINGTON  VA  22217-5000 
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NO.  OF 

COPIES  ORGANIZATION 


NO.  OF 

COPIES  ORGANIZATION 


7  COMMANDER 

NAVAL  SURFACE  WARFARE  CTR 
ATTN  T  C  SMITH 
KRICE 
S  MITCHELL 

5  PETERS 

J  CONSAGA 
CGOTZMER 
TECHNICAL  LIBRARY 
INDIAN  HEAD  MD  20640-5000 

1  COMMANDER 

NAVAL  SURFACE  WARFARE  CTR 
ATTN  CODE  730 
SILVER  SPRING  MD 
20903-5000 

1  COMMANDER 

NAVAL  SURFACE  WARFARE  CTR 
ATTN  CODE  R  13  R  BERNECKER 
SILVER  SPRING  MD 
20903-5000 

1  DIRECTOR 

US  ARMY  TRAC  FT  LEE 
ATTN  ATRC  L  MR  CAMERON 
FORT  LEE  VA  23801-6140 

1  COMMANDER 

US  ARMY  BELVOIR  RD&E  CTR 
ATTN  STRBE  WC 
FT  BELVOIR  VA  22060-5606 

1  US  ARMY  RSCH  DEVELOPMENT 

6  STNDRDZTN  GROUP  UK 
ATTN  DR  ROY  E  RICHENBACH 
PSC  802  BOX  15 

FPO  AE  09499-1500 

1  COMMANDER 

NAVAL  SURFACE  WARFARE  CTR 
ATTN  CODE  G30  GUNS 
&  MUNITIONS  DIV 
DAHLGRENVA  22448-5000 

1  COMMANDER 

NAVAL  SURFACE  WARFARE  CTR 
ATTN  CODE  G32  GUNS 
SYSTEMS  DIV 
DAHLGRENVA  22448-5000 


1  COMMANDER 

NAVAL  SURFACE  WARFARE  CTR 
ATTN  CODE  G33  T  DORAN 
DAHLGRENVA  22448-5000 

1  COMMANDER 

NAVAL  SURFACE  WARFARE  CTR 
ATTN  CODE  E23 
TECHNICAL  LIBRARY 
DAHLGRENVA  22448-5000 

2  COMMANDER 

NAVAL  AIR  WARFARE  CTR 
ATTN  CODE  388 
C  F  PRICE 
T BOGGS 

CHINA  LAKE  CA  93555-6001 

2  COMMANDER 

NAVAL  AIR  WARFARE  CTR 
ATTN  CODE  3895 
TPARR 
RDERR 

CHINA  LAKE  CA  93555-6001 

1  COMMANDER 

NAVAL  AIR  WARFARE  CTR 
INFORMATION  SCIENCE  DIV 
CfflNA  LAKE  CA  93555-6001 

1  COMMANDING  OFFICER 

NAVAL  UNDERWATER  SYSTEMS  CTR 
ATTN  CODE  5B331  TECH  LIBRARY 
NEWPORT  RI  02840 

1  AFOSR  NA 

ATTN  J  TISHKOFF 
BOLLING  AFB  DC 
20332-6448 

1  OLAC  PL  TSTL 

ATTN  D  SHIPLETT 
EDWARDS  AFB  CA  93523-5000 

3  ALLSCF 
ATTN  J  LEVINE 
L  QUINN 

T  EDWARDS 

EDWARDS  AFB  CA  93523-5000 
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NO.  OF 
COPIES 

1 

1 

1 

2 

1 

1 

1 

1 

2 


ORGANIZATION 


NO.  OF 

COPIES  ORGANIZATION 


WLMNAA 
ATTN  B  SIMPSON 
EGLINAFBFL  32542-5434 


DIR  SANDIA  NATL  LABS 
ATTN  R  CARLING 
COMBUSTION  RSRCH  FACILITY 
LIVERMORE  CA  94551-0469 


WLMNME 

ENERGETIC  MATERIALS  BR 
2306  PERIMETER  RD 
STE  9 

EGLINAFBFL  32542-5910 


1  DIR  SANDIA  NATL  LABS 
ATTN  8741  G  A  BENEDITTI 
PO  BOX  969 

LIVERMORE  CA  94551-0969 


WLMNSH 

ATTN  R  DRABCZUK 

EGLINAFBFL  32542-5434 

NASA  LANGLEY  RSRCH  CTR 
ATTN  M  S  408 
W  SCALLION 
D  WITCOFSKI 
HAMPTON  VA  23605 

Ce^RAL  INTLGNCE  AGENCY 
OFC  OF  THE  CNTRL  RFRNCES 
DISSEMINATION  BRANCH 
ROOM  GE  47  HQS 
WASHINGTON  DC  20502 

CENTRAL  INTLGNCE  AGENCY 
ATTN  J  BACKOFEN 
NHB  ROOM  5N01 
WASfflNGTONDC  20505 

SDIOTNI 

ATTN  L  H  CAVENY 
PENTAGON 

WASfflNGTONDC  20301-7100 

SDIO  DA 
ATTN  E  GERRY 
PENTAGON 

WASfflNGTONDC  21301-7100 

HQDNA 
ATTN  D  LEWIS 
A  FAHEY 

6801  TELEGRAPH  RD 
ALEXANDRIA  VA  22310-3398 

DIR  SANDIA  NATL  LABS 
ATTN  M  BAER 
DEPARTMENT  1512 
PO  BOX  5800 

ALBUQUERQUE  NM  87185 


2  DIRLLNL 
ATTN  L  355 
A  BUCKINGHAM 
M  FINGER 
PO  BOX  808 

LIVERMORE  CA  94550-0622 
1  DIR 

LOS  ALAMOS  NATL  LAB 
ATTN  T3  D  BUTLER 
PO  BOX  1663 
LOS  ALAMOS  NM  87544 

1  DIR  LOS  ALAMOS  NATL  LAB 

ATTN  M  DIVISION 

B  CRAIG 

PO  BOX  1663 

LOS  ALAMOS  NM  87544 

2  BATTELLE 
ATTN  TWSTIAC 
V  LEVIN 

505  KING  AVE 
COLUMBUS  OH  43201-2693 

1  BATTELLE  PNL 

ATTN  M  C  C  BAMPTON 
PO  BOX  999 
RICHLAND  WA  99352 

1  THE  UNTV  OF  AUSTIN  TEXAS 

INSmUTE  FOR  ADVANCED  TECHLGY 
ATTN  T  M  KIEHNE 
4030  2  W  BRAKER  LANE 
AUSTIN  TX  78759-5329 

1  INST  OF  GAS  TCHNLGY 

ATTN  D  GIDASPOW 
3424  S  STATE  ST 
CHICAGO  IL  60616-3896 
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NO.  OF 

COPIES  ORGANIZATION 


NO.  OF 

COPIES  ORGANIZATION 


2  CPIA  JHU 

ATTN  H  J  HOFFMAN 
T  CHRISTIAN 

10630  LITTLE  PATUXENT  PKWY 
SUITE  202 

COLUMBIA  MD  21044-3200 

1  CALIFORNIA  INST  OF  TECH 

JET  PROPULSION  LABORATORY 
ATTN  L  STRAND  MS  125  224 
4800  OAK  GROVE  DRIVE 
PASADENA  CA  91109 

3  GEORGIA  INST  OF  TCHNLGY 
SCHL  OF  AEROSPACE  ENGNRNG 
ATTN  E  PRICE 
WCSTRAHLE 

B  TZINN 

ATLANTA  GA  30332 

1  UNIVERSITY  OF  MARYLAND 

ATTN  DR  J  D  ANDERSON 
COLLEGE  PARK  MD  20740 

1  MASSACHUSETTS  INST  OF 

TECHNOLOGY 
ATTN  T  TOONG 
77  MASSACHUSETTS  AVE 
CAMBRIDGE  MA  02139-4307 

1  UNIVERSITY  OF  ILLINOIS 

DEPT  OF  MECH  ENG 
ATTNHKRIER 
144MEB  1206  W  GREEN  ST 
URBANA  IL  61801 

1  UNIVERSITY  OF  MINNESOTA 

DEPT  OF  MECHNCL  ENGNRNG 
ATTN  E  FLETCHER 
MINNEAPOLIS  MN  55455 

3  PENNSYLVANIA  STATE  UNIV 

DEPT  OF  MECHNCL  ENGNRNG 
ATTN  K  KUO 
CMERKLE 
STHYNELL 
VYANG 

UNIVERSITY  PARK  PA  16802 


1  AFELM  THE  RAND  CORP 
ATTN  LIBRARY  D 
1700  MAIN  STREET 
SANTA  MONICA  CA  90401-3297 

1  ARROW  TECHLGY  ASSOC  INC 
ATTN  W  HATHAWAY 

PO  BOX  4218 

SOUTH  BURLINGTON  VT  05401-0042 

2  AAI  CORPORATION 
ATTNJFRANKLE 
D CLEVELAND 

PO  BOX  126 

HUNT  VALLEY  MD  21030-0126 

8  ALLIANT  TECHSYSTEMS  INC 

ATTN  R  E  TOMPKINS 
J KENNEDY 
J  BODE 
CCANDLAND 
L  OSGOOD 
R  BURETTA 
R  BECKER 
M  SWENSON 
600  SECOND  ST  NE 
HOPKINS  MN  55343 

1  ELI  FREEDMAN  AND  ASSOCIATES 

ATTN  E  FREEDMAN 
2411  DIANA  RD 
BALTIMORE  MD  21209-1525 

1  GENERAL  APPLIED  SCIENCES  LAB 

ATTN  J  ERDOS 
77  RAYNOR  AVE 
RONKONKAMANY  11779-6649 

1  GENERAL  ELECTRIC  COMPANY 

TACTICAL  SYSTEM  DEPT 
ATTNJMANDZY 
100  PLASTICS  AVE 
PITTSFIELD  MA  01201-3698 

1  nTRI 

ATTN  MJ  KLEIN 
10  W  35TH  STREET 
CHICAGO  IL  60616-3799 
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COPBS  ORGANIZATION 


NO.  OF 

COPIES  ORGANIZATION 


4  HERCULES  INC 
ATTN  L  GIZZI 
DA  WORRELL 
W  J  WORRELL 
C  CHANDLER 

RADFORD  ARMY  AMMO  PLANT 
RADFORD  VA  24141-0299 

2  HERCULES  INC 

ATTN  WILLIAM  B  WALKUP 
THOMAS  F  FARABAUGH 
ALLEGHENY  BALLISTICS  LAB 
PO  BOX  210 

ROCKET  CENTER  WV  26726 

1  HERCULES  INC 

ATTN  R  CARTWRIGHT 
AEROSPACE 
100  HOWARD  BLVD 
KENVILLENJ  07847 

1  HERCULES  INC 

ATTN  B  M  RIGGLEMAN 
HERCULES  PLAZA 
WILMINGTON  DE  19894 

1  MARTIN  MARIETTA  DEFENSE  SYSTEMS 

ATTN  GEORGE  KEELER 
RM2260 

100  PLASTICS  AVE 
PITTSFIELD  MA  01201 

1  MBR  RESEARCH  INC 

ATTN  DR  MOSHE  BEN  REUVEN 
601  EWING  ST  SUITE  C  22 
PRINCETON  NJ  08540 

1  OUN  CORPORATION 

ATTN  F  E  WOLF 
BADGER  ARMY  AMMO  PLANT 
BARABOOWI  53913 

3  OLIN  ORDNANCE 
ATTN  E  J  KIRSCHKE 
A  F  GONZALEZ 

D  W  WORTHINGTON 
PO  BOX  222 

ST  MARKS  FL  32355-0222 


1  OLIN  ORDNANCE 

ATTN  H  A  MCELROY 
10101  9TH  STREET  NORTH 
ST  PETERSBURG  FL  33716 

1  PAUL  GOUGH  ASSOC  INC 

ATTN  P  S  GOUGH 

1048  SOUTH  ST 
PORTSMOUTH  NH  03801-5423 

1  PHYSICS  INTERNATIONAL  LIBRARY 
ATTN  H  WAYNE  WAMPLER 

PO  BOX  5010 

SAN  LEANDRO  CA  94577-0599 

2  PRINCETON  CMBSTN  RSRCH  LABS  INC 
ATTN  N  A  MESSINA 

NMER 

PRINCETON  CORPORATE  PLAZA 
11  DEERPARK  DR  BLDG  IV  SUHE  119 
MONMOUTH  JUNCTION  NJ  08852 

1  TEXTRON  DEFENSE  SYSTEM 
ATTN  A  PATRICK 

2385  REVERE  BEACH  PKWY 
EVERETT  MA  02149-5900 

3  ROCKWELL  INTRNTNL 
ATTN  BA08 

J  FLANAGAN 

JGRAY 

RBEDELMAN 

ROCKETDYNE  DIV 

6633  CANOGA  AVE 

CANOGAPARKCA  91303-2703 

2  ROCKWELL  INTRNTNL  SCIENCE  CTR 
ATTN  DR  S  CHAKRAVARTHY 

DR  S  PALANISWAMY 

1049  CAMINO  DOS  RIOS 
THOUSAND  OAKS  CA  91360 

1  SAIC 

ATTN  M  PALMER 
2109  AIR  PARK  RD 
ALBUQUERQUE  NM  87106 

1  SOUTHWEST  RSRCH  INSTITUTE 

ATTN  J  P  RIEGEL 
6220  CULEBRA  ROAD 
SAN  ANTONIO  TX  78228-0510 
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SVERDRUP  TECHLGY  INC 
ATTN  DR  JOHN  DEUR 
2001  AEROSPACE  PARKWAY 
BROOK  PARK  OH  44142 

THIOKOL  CORPORATION 
ATTN  R  WILDER 
R  BIDDLE 
TECH  LIBRARY 
ELKTON  DIVISION 
PO  BOX  241 

ELKTON  MD  21921-0241 

VERTTAY  TECHLGY  INC 
ATTN  E  HSHER 
4845  MDJLERSPORT  HWY 
EAST  AMHERST  NY  14501-0305 

UNIVERSAL  PROPULSION  COMPANY 
ATTN  H  J  MCSPADDEN 
25401  NORTH  CENTRAL  AVE 
PHOENIX  AZ  85027-7837 

SRI  INTERNATIONAL 
ATTN  TECH  LIBRARY 
PROPULSION  SCIENCES  DIV 
333  RAVENWOOD  AVE 
MENLO  PARK  CA  94025-3493 


ABERDEEN  PROVING  GROUND 

1  CDR  USA  ATC 
ATTN  STECS  U 
R  HENDRICKSEN 
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COPIES  ORGANIZATION 


ABERDEEN  PROVING  GROUND  AMSRL  SC 

WMERMAGEN 

DIR  USARL  AMSRL  SC  C 

ATTN  AMSRL  WT  P  A  HORST  W  STUREK 

AMSRL  WT  PA 
T  MINOR 
A  JUHASZ 
K  WHITE 

L-M  CHANG  (5  CP) 

J  COLBURN 
P  CONROY 
G  KELLER 
DKOOKER 
MNUSCA 
T  ROSENBERGER 
A  BRANT 
S  HOWARD  (5  CP) 

D  KRUCZYNSKI 
CRUTH 
I  STOBIE 
A  WILLIAMS 
AMSRL  WT  PC 
R  ANDERSON 
M  MILLER 
AMSRL  WT  PD 
W  DRYSDALE 
AMSRL  WTT 
W  MORRISON 
AMSRL  WTTB 
RFREY 
AMSRL  WT  TC 
W  DE  ROSSET 
F GRACE 
B  SORENSEN 
AMSRL  WTTD 
A  DIETRICH 
KFRANK 
AMSRL  WT  WA 
B  MOORE 
H  ROGERS 
ABARAN 
AMSRL  WTWB 
F BRANDON 


AMSRL  SC  CC 
ACELMINS 
AMSRL  SC  I 
M  HIRSCHBERG 
RKASTC 
AMSRL  SC  S 
AMARK 
AMSRL  SL 
J  SMITH 
AMSRL  SL  I 
D  HASKELL 
AMSRL  SL  BG 
DKIRK 
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USER  EVALUATION  SHEET/CHANGE  OF  ADDRESS 


This  Laboratory  undertakes  a  continuing  effort  to  improve  the  quality  of  the  reports  it  publishes.  Your  comments/answers 
to  the  items/questions  below  will  aid  us  in  our  efforts. 

1.  ARL  Report  Number/Author  ARL-MR-314  fHowardl _ Date  of  Report  June  1996 _ 

2.  Date  Report  Received _ 

3.  Does  this  report  satisfy  a  need?  (Comment  on  purpose,  related  project,  or  other  area  of  interest  for  which  the  report 

win  be  used.) _ 


4.  Specifically,  how  is  the  report  being  used?  (Information  source,  design  data,  procedure,  source  of  ideas,  etc.) 


5.  Has  the  information  in  this  report  led  to  any  quantitative  savings  as  far  as  man-hours  or  dollars  saved,  operating  costs 
avoided,  or  efficiencies  achieved,  etc?  If  so,  please  elaborate. _ 


6.  General  Comments.  What  do  you  think  should  be  changed  to  improve  future  reports?  (Indicate  changes  to 
organization,  technical  content,  format  etc.) _ 


Organization 

CURRENT  Name 

ADDRESS  _ 

Street  or  P.O.  Box  No. 

City,  State,  Zip  Code 

7.  If  indicating  a  Change  of  Address  or  Address  Correction,  please  provide  the  Current  or  Correct  address  above  and  the 
Old  or  Incorrect  address  below. 


Organization 


OLD  Name 

ADDRESS  _ 

Street  or  P.O.  Box  No. 


City,  State,  Zip  Code 
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